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ABSTRACT 



In an AGO system, a high-speed convergence of an AGO is 
provided at a burst signal head for ao aperiodic burst signal 
inherent in a base station, having irregular transmitting 
power from a mobile station, and transmitting power is 
controlled and a receive of an interference wave is detected 
for a periodic burst signal according to the presence or 
absence of voice at the mobile station, thereby preventing an 
erroneous control of the AGC and maintaining communica- 
tion quality in a radio base station system. In case of the 
aperiodic burst signal, a receive level is detected at high 
speed by, in an attenuator and an AGC amplifier serving as 
a gain control device, setting the AGC amplifier with a 
slower transient response to a fixed gain, and turning 
ON/OFF only the attenuator with a rapid transient response. 
In case of the periodic burst signal, a synchronous word 
contained in the burst signal is used to prevent the erroneous 
control and detect interference in the AGC. 

21 Claims;, 14 Drawing Sheets 
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GAIN CONTROL METHOD AND RECEIVER 

TECHNICAL FIELD 

The present inveation relates to a gain control method of 
controlling a gain of an input signal, and to a receiver 

BACKGROUND ART 

FIG. 10 is a block diagram showing an illustrative circuit 
configuration of a receiver employing a digital AGC 
(Automatic Gain Control) system, and illtistrating a receiver 
used in a radio base station. In the drawing, reference 
numeral 100 means an antenna, 200 is a receiver for use in 
a frequency band of RF to IF, 210 is a variable attenuator. 
220 is an AGC amplifier^ 310 is a quadrature detector, 320 
is an A/D converter, 330 is a D/A converter, 340 is a control 
signal line for the variable attenuator, and 400 is a digital 
signal processor (DSP). 

FIG. 11 is a flowchart showing an algorithm in the 
conventional AGC system. 

Referring to FIG. 10, a first description will be given of 
the operation of the circuits in the receiver. 

The antenna 100 receives a time division multiple access 
(hereinafter abbreviated as TDMA) RF signal transmitted 
from a mobile unit terminal. The receiver 200 performs 
down conversion of a signal in, the RF band into a signal in 
the IF band. 

In addition to the down conversion function, the receiver 
200 has the AGC function of keeping through a gain control 
device a receive signal level at a constant level at which 
amplitude information is not lost. The AGC function is 
carried out by attenuation control by the variable attenuator 
210 and amplification factor control by the AGC amplifier 
220. 

The attenuation control by the variable attenuator 210 
includes control in steps of several decibels according to 
digital control in steps of several bits, ON/OFF control in 
steps of tens decibels, and so forth. A description will now 
be given of a case where the latter ON/OFF control in steps 
of tens decibels is used. 

On the other hand, the AGC amplifier 220 can perform a 
successive gain control according to voltage. 

The signal in the IF band outputted from the receiver 200 
is inputted into the quadrature detector 310. 

In the quadrature detector 310, an IF band modulated 
signal outputted from the receiver 200 is detected by a 
locked oscillator with substantially the same frequency as 
the IF band frequency, thereby outputting a baseband signal 
including an I component (in-phase component) and a Q 
component (quadrature component). 

The baseband signal including the I component and the Q 
component outputted from the quadrature detector 310 is 
inputted into the A/D converter 320. For example, fourfold 
oversampling is made for each symbol in the signal includ- 
ing the 1 component or the Q component to output a 
several-bit quantized signal for each sample. 

The quantized signal outputted from the A/D converter 
320 is inputted into the digital signal processor 400 to 
execute the AGC algorithm as shown in FIG. U. 

Next, a description will now be given of the AGC 
algorithm in the prior art with reference to FIG. 11. 

The digital signal processor 400 receives a receive start 
timing flag (Step 900).The receive start timing flag ts known 
in the radio base station, and is transmitted for each burst 
signal with a receive timing shift of ±0 symbol from a 
mobile station. 
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The digital signal processor 400 receives the receive start 
timing flag to set a control value about a receive signal level 
derived from a receive burst signal in the same time slot in 
the previous frame for the gain control devices 210 and 220 

5 through the control signal line 340 and the D/A converter 
330. In such a manner, the AIT 210 and the AGC amplifier 
220 serving as the gain control device are controlled to 
provide the same gain as that in the same time slot in the 
previous frame. The receiver 200 receives a burst signal in 
the same time slot in a current frame according to the set 
gain (Step 901). 

The receive burst signal in the same time slot in the 
current frame is converted into the baseband signal includ- 
ing the I component and the Q component in the quadrature 
detector 310. For example, the fourfold oversampling is 
made to the baseband signal including the I component and 
the Q component in the A/D converter 320. The resultant Y 
samples are selected by the digital signal processor 400 
(Step 902) to derive a control error to the gain control device 
setting made to the current receive burst signal (Step 903). 

20 The "control error*' as used herein corresponds to a differ- 
ence between a receive level and a desired level, and means 
a width to be converged by the gain control device. 

Subsequently, it is decided whether or not the above 
control error can be followed by only the AGC amplifier 

25 (Step 904). When the control error can be followed by only 
ihc AGC amplifier, a fine adjustment is made to a gain 
corresponding to the above control error when a burst signal 
in the same time slot in the next frame is received (Step 907). 
Further, when the control error can not be followed by only 

30 the AGC amplifier, a rough adjustment is made to invert a 
setting of the variable attenuator when the burst signal in the 
same time slot in the next frame is received (Step 905). 

In such a manner, it is determined which processing 
should be made to the burst signal in the same time slot in 

35 the next frame, thereafter waiting reception of a burst .signal 
in the same time slot in the above next fi^ame (Step 906). 

As set forth above, when the conventional AGC system is 
used, the control is made to the receive burst signal in the 
same time slot in the next frame depending upon the control 

40 error of the receive burst signal in the same time slot in the 
previous frame. However, in a burst signal transmitted from 
the mobile station at a time of, for example, call, or channel 
switching, transmitting power is irregular due to a variation 
in distance between the mobfle station and the radio base 

45 station, and so forth. Further, the burst signal is not always 
periodically transmitted for each frame, resulting in the 
aperiodic burst signal. Therefore, in the radio base station 
receiving sudi a burst signal, the previous frame can not 
used so that a receive level must be conveiged by the AGC 

50 to a desired value in a received burst signal in a current 
frame. 

On the other hand, even if the conventional AGC system 

is applied to a periodic burst signal, only the control error to 
the receive burst signal can be used as information for the 
55 AGC, and the AGC system includes no means for detecting 
transmitting power control according to interference or 
silence at the mobile station. As a result, there is a problem 
in that an erroneous control may be made in the gain control. 

Further, irrespective of the periodic burst signal or the 
aperiodic burst signal, there is another problem of an erro- 
neous gain control when the receive timing is shifted. 

DISCLOSURE OF THE INVENTION 

In order to overcome the above problems, it is an object 
65 of the present invention to provide a gain control method and 
a receiver in which a gain can be converged in the early 
stages. 
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According to one aspect, for achieving the above- 
mentioned object, there is provided a gain control method 
used for a receiver including attenuating means for attenu- 
ating an input signal depending upon each of a first set value 
and a second set value, amplifying means for amplifying an 
input signal depending upon a control signal, and control 
means for generating the first set value, the second set value, 
and the control signal. The gain control method includes the 
decision step of deciding whether a receive level of an input 
signal falls in a first control error range corresponding to the 
first set value or a second control error range corresponding 
to the second set value, and the gain control step of con- 
troUing the gain by attenuating an input signal in the 
attenuating means depending upon the first set value when 
it is decided in the decision step that the receive level falls 
in the first control error range and depending upon the 
second set value when it is decided that the receive level 
falls in the second control error range, and amplifying an 
input signal in the amplifying means. 

In particular, when a receive level of an input signal falls 
in neither the first control error range nor the second control 
error range in the decision step, the decision is made again 
after the elapse of a predetermined time period. 

Further, according to another aspect, there is provided a 
gain control method used for a receiver including attenuat- 
ing means for attenuating an input signal depending upon 
each of a first set value and a second set value, amplifying 
means for amplifying an input signal by at least a low gain 
or a high gain depending upon a control signal, and control 
means for generating the first set value, the second set value, 
and the control signal. The gain control method includes the 
decision step of deciding whether a receive level of an input 
signal falls in a first control error range corresponding to the 
first set value or a second control error range corresponding 
to the second set value, and the gain control step of con- 
trolling a gain by making a gain control to an input signal 
depending upon the first set value when it is decided in the 
decision step that the receive level of the input signal falls 
in the first control error range and depending upon the 
second set value when it is decided that the receive level 
falls in the second control, error range, and controlling the 
amplifying means to a high gain when a receive level of an 
input signal falb in neither the first control error range nor 
the second control error range. 

In particular, the first set value for the attenuating means 
serves as a set value to turn ON the attenuating means, and 
the second set value serves as a set value to turn OFF the 
attenuating means. 

Further, the attenuating means includes amplifying means 
selected corresponding to the first set value, and second 
attenuating means selected corresponding to the second set 
value. 

Further, according to a further aspect, there is provided a 
gain control method used for a receiver including first 
attenuating means for attenuating an input signal depending 
upon each of a first set value and a second set value, second 
attenuating means for attenuating an input signal depending 
upon each of a third set value and a fourth set value, first 
amplifying means for amplifying an output signal from the 
first attenuating means depending upon a first control signal, 
second amplifying means for amplifying an output signal 
from the second attenuating means depending upon a second 
control signal with a higher gain than that of the first 
amphfying means, and control means for generating the 
first, second, third, and fourth set values, and the first and 
second control signals. The gain control method includes the 
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decision step of deciding in which of a first control error 
range corresponding to the first set value, a second control 
error range corresponding to the second set value, a third 
control error range corresponding to the third set value, and 

5 a fourth control error range corresponding to the fourth set 
value a receive level of an input signal falls, and the gain 
control step of controUing the gain by attenuating and 
amplifying an input signal depending upon the set value and 
the amphfying means corresponding to the control error 

•10 range in which the receive level of the input signal falls. 
In particular, when the receive level of the input signal 
does not fall in any one of the first control error range, the 
second control enor range, the third control error range, and 
the fourth control error range in the decision step, the 

1^ decision is made again after the elapse of a predetermined 
time period. 

Further, after the gain control step, the second control 
signal is added to the first amplifying means, and the first 
control signal is added to the second amplifying means, 
thereby performing the decision step and file gain control 
step. 

In particular, the respective control error ranges are set to 
overlap each other by a predetermined range. 

^ Further, a gain control method further includes the evalu- 
ation step of evaluating a communication state depending 
upon a received synchronous word after a gain control in the 
gain control step. 
There is provided a gain control method further including 

3Q the evaluation step of evaluating a communication state 
depending upon a received synchronous word after a gain 
control in the gain control step, and the reception limitation 
step of, when an abnormality of the communication state is 
detected in the evaluation step, limiting reception by attenu- 

35 ating means and amplifying means on side on which the 
abnormality is detected. 

According to a still further aspect, there is provided a 
receiver including attenuating means for attenuating an input 
signal depending upon each of a first set value and a second 

40 set value, amplifying means for amplifying an input signal 
depending upon a control signal, and control means for 
generating the first set value, the second set value, and the 
control signal. In the receiver, the control means includes 
deciding means for deciding whether a receive level of an 

45 input signal falls in a first control error range corresponding 
to the first set value or a second control error range corre- 
sponding to the second set value, and gain control means for 
controlling the gain by attenuating an input signal in the 
attenuating means depending upon the first set value when 

50 it is decided in the deciding means that the receive level falls 
in the first control error range and depending upon the 
second set value when it is decided that the receive level 
falls in the second control error range, and amplifying an 
input signal in the amplifying means. 

55 According to another aspect, there is provided a receiver 
including attenuating means for attenuating an input signal 
depending upon a set value, amplifying means for amplify- 
ing an input signal depending upon a control signal, and 
control means for generating the set value, and the control 

60 signal. In the receiver, the control means generates the set 
value and the control signal depending upon an average of 
values of a plurality of past control errors. 

In particular, when a synchronous word contained in an 
input signal is undetected, and a control error derived from 

65 a portion other than a synchronous word is equal to or less 
than a predetermined value, the control means decides that 
this is caused by silence processing on the transmitting side, 
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and the control error is excluded from a plurality of past variable attenuator 210. Reference numeral 310 means a 

control errors used to find the average. quadrature detector for quadrature detection of a signal 

Further, when a synchronous word contained in an input outputted from the receiver 200, 320 is an A/D converter to 

signal is undetected, and a control error derived from a '"'"^ert an analog signal serving as an output signal of the 
portion other than a synchronous word is equal to or more S qyadrature detector 310 into a digital signal, and 400 is a 

than a predetermined value, the control means decides that ^^^'f Tu^f^' ^-"^ -"^t a/J?^'' '^t'^f^a 

.... J. , ^ * 1 J Signal obtained by A/D conversion in the A/D converter 320. 

this IS caused by an interference wave to an input signal, and „ - , _ 

*i . tjji; Reienence numeral 330 means a D/Aconverterto convert 

the control error is excluded from a plurahty of past control ^^^^^i^^^^ hu^^lox ^ mvoiii* a i^,/n.»^iiYwi^i lu vuuv»-ii 

j.cj*u if J f ^ control signal outputted from the DSP 400 to the AGC 

errors used to find the average. ^^^j^^^ 220 into an analog signal, and 340 is a control 

BRIEF DESCRIPTION OF THE DRAWINGS "^nal line outputted from the DSP 400 to the variable 

attenuator 210. 

FIG. 1 is a block diagram showing a configuration of a Reference numeral 500 means a base station Main CPU to 

receiver to realize an AGC system according to the embodi- swap a signal with the DSP 400. The base station Main CPU 

ment 1 of the present invention; 500 receives from the digital signal processor 400 reports on 

FIG. 2 is a block diagram showing a configuration of a synchronous word detectedAmdetected information and 

receiver to realize the AGC system according to the embodi- interference wave received information, and detects fault 

ment 1 of the present invention; and controls communication quality in the digital signal 

Fig. 3 is a block diagram showing a configuration of a P^°^^^^^ ^^^^^ ^^P^ ^^^^i^^^' 
receiver to realize an AGC system according to the embodi- 20 ^^^^^^^ F^GS. 5A and 5B are a flowchart showmg an 

ment 2 of the present invention; algorithm in the AGC system according to the embodiment 

FIG. 4 is a block diagram showing a configuration of a ^*^. , . ^.^^^ 

receiver to realize the AGC system according to the embodi- Subsequently, a descnpUon vyill be given of the AGC 

ment 2 of the present invention; ^» according to the embodiment 1 mth reference to the 

^ \ r. , , • . . . . illustrative configuration of HG. 1 and the flowchart of 

FIGS. 5A and 5B are a flowchart showing an algorithm 10 p[GS 5A and 5B 

the AGC system according to the embodiment 1 of the ^^^^ ^^^.^^^ ^ ^^^^^ 

present invention, ^^^^ ^^^^^ ^^^.^^ ^^^^^ ^ 

HGS. 6Aand 6B arc a flowchart showmg an algorithm in ^ j^^^ ^ase station, and is transmitted for each burst 

the AGC system according to the embodiment 2 of the ^^^^^ ^j^j ^ receive timing shift of ±0 symbol from the 

present invention; mobile station. 

FIG, 7 is a flowchart showing the algorithm in the AGC The digital signal processor 400 receives the receive start 

system according to the embodiment 2 of the present inven- timing flag to set the variable attenuator 210 and the AGC 

fioii; amplifier 220 serving as a gain control device to a medium 

FIGS. SAand 8B are a flowchart showing an algorithm in 35 receive level detection setting (hereinafter abbreviated as P2 

an AGC system according to the embodiment 3 of the in the description of the embodiment 1) through the control 

present invention; signal line 340 and the D/A converter 330 (Step 601). The 

FIG. 9 is a flowchart showing the algorithm in the AGC "medium receive level detection setting P2" as used herein 

system according to the embodiment 3 of the present inven- means a setting in which the variable attenuator 210 is set to 
tion; <o OFF, and the AGC amplifier is set to a low gain. In this state, 

FIG. 10 is a block diagram showing a configuraUon of a » ^^8""' '^"^^^ ^°"eh the antenna 100 is inputted 

receiver employing an AGC system in the prior art; and "J'" -^.^^'^f; 2»« t° be ontpu ted according to P2. Here. 

' r, t t . t ... . the signal mputted into the variable attenuator 210 is directly 

FIG. 11 ^ a flowchart showmg an algonthm m the AGC ^^^^^^^ ^^^^^ attenuation. A signal outputted from the 

system in the pnor art. receiver 200 is converted by the quadrant detector 310 into 

BEST MODE FOR EMBODYING THE ^ baseband signal including an I component and a Q 

INVENTION component. In the A/D converter 320, M-fold (for example, 

fourfold) oversampling is made to the baseband signal 

A description wUl now be given of preferred embodi- including the I component and the Q component. Further, 

ments of the present invention. j^e digital signal processor 400 selects K symbols (for 

Embodiment 1 f^x^mpk two symbols) starting frona the head of the biirst 

signalxM samples on the basis of the receive start timing 

Adescription will now be given ofthe embodiment! with flag. The digital signal processor 400 calculates a control 

reference to tlie drawings. FIG. lis a block diagram showing error of the AGC amplifier in P2 depending upon the 
one illustrative configuration of a receiver to realize an AGC 55 selected information (Step 602). After P2 is set for a period 

system according to the embodiment 1, and particularly of the K symbols from the head of the burst signal, a high 

illustrating the receiver mounted in a radio base station. In receive level detection setting (hereinafter abbreviated as P3 

the drawing, reference numeral 100 means an antenna for in the description in the embodiment 1) is set for a period of 

transmission and reception of a signal between the radio subsequent K symbols. Further, when P3 is set, the control 

base station and a plurality of mobile stations, and 200 is a error of the AGC amplifier is additionally calculated (Step 

receiver connected to the antenna 100, for use in a frequency 603). The "P3" as used herein means a setting in which the 

band of RF to IF. variable attenuator 210 is set to ON, and the AGC amplifier 

Reference numeral 210 means a variable attenuator is set to a low gain, 

mounted in the receiver 200 to attenuate a signal received A control error monitor range of the AGC amplifier in P3 
from the antenna 100. 65 is smaller than that in P2 by an amount attenuated by the 

Reference numeral 220 means an AGC amplifier mounted variable attenuator 210 (by, for example, 48 dB) since the 

in the receiver 200 to amplify a signal outputted from the variable attenuator 210 is set to ON. 
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In the above manner, the control error in P2 and the 
control error in P3 are derived. 

Through the above operation, it is decided whether or not 
a receive level of a receive burst signal falls in the control 
error monitor range of the AGC amplifier in any one of P2 S 
and P3 (Step 604). 

If the receive level falls in the control error monitor range 
in or P3, the variable attenuator 210 is set for a setting 
corresponding to the control error monitor range in which 
the receive level falls. Further, depending upon the previ- 10 
ously derived control error of the AGC amplifier, a control 
is made again to compensate for the control error in the 
setting (Step 611). For example, when it is found that the 
receive level falls in the control error monitor range in P2, 
the variable attenuator 210 is set to OFF, and the AGC 15 
amplifier is set to the low gain. 

After the control is made again in Step 611, the DSP 400 
continues to receive a burst signal to detect a synchronous 
word contained in the receive burst signal. The DSP 400 
informs the base station Main CPU of the synchronous word 
detected/undetected information showing whether or not the 
synchronous word is detected (Step 612). The base station 
Main CPU detects the fault and controls the communication 
quality in the receiver depending upon the synchronous 
word detected/undetected information (Step 613). For 
example, when no synchronous word is detected, it is 
decided that the receiver fails, or the communication quality 
deteriorates. 

If the receive level falls in neither the control error range 
in P2 nor the control error range in P3, no processing is made 
for a period of subsequent J symbols. 

The above processing is made because of the following 
fact. When the receive timing is shifted toward the positive 
side, that is, a signal is received from the mobile station with 
the receive timing lagging a desired receive timing, the 
signal possibly may not be received because of the timing 
used to derive the control error in Steps 602 and 603. In this 
case, if the control error is derived based upon the used 
receive timing though the signal has not been received yet, ^ 
a decision of a low receive level may erroneously be made 
to the signal having a predetermined receive level in actu- 
ality. Therefore, in the embodiment, it is assumed that the 
receive timing is shifted, the receive level is measured again 
depending on timing on which compensation can be made 
for the shift. 

For example, for K=2, the expression: J=l (5-4) permits 
consideration given to the possibility that the receive timing 
shift ranges to +5 symbols since four symbols (Kx2) are 
required to derive each control error in the P2 and the P3. 

After no processing is made for the period of the J 
symbols, a signal is received again in P2 for a period of 
subsequent K symbols. Then, a control error of the AGC 
amplifier is derived in the digital signal processor 400 (Step 
605). 55 

Further, a signal is received in P3 for a period of K 
symbols, thereby deriving the control error of the AGC 
amplifier in the digital signal processor 400 (Step 606). 

From Steps 605 and 606, it is decided whether or not the 
receive level of the receive burst signal falls in any one of eo 
the control error monitor ranges of the AGC amplifier in P2 
and P3 (Step 607). 

If the receive level falls in the control error monitor range 
in P2 or P3, the variable attenuator 210 is set according to 
any one of them, and a control is made again to the control 65 
error of the AGC amplifier previously derived in the setting, 
thereby conveiging the receive level (Step 614). 
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As set forth above, in Steps 605, 606, and 607, the 
operation is carried out a plurality of times to derive whether 
or not the receive level falls in the predetermined control 
error monitor ranges. As a result, even in case of shifted 
receive timing, it is possible to accurately derive the receive 
level without erroneous recognition. 

The DSP 400 detects a synchronous word with respect to 
a receive burst signal which is received after an additional 
control in Step 614. The DSP 400 informs the base station 
Main CPU of synchronous word detected information (Step 

615) . The base station Main CPU detects the fault and 
controls the communication quality in the receiver depend- 
ing upon the synchronous word detected information (Step 

616) . 

If the receive level falls in neither the control error range 
in P2 nor the control error range in P3, the variable attenu- 
ator 210 is set to OFF, and the AGC amplifier 220 is set to 
a high gain, resulting in a low receive level detection setting 
(hereinafter abbreviated as PI in the description in the 
embodiment 1) (Step 608). 

Further, the base station Main CPU is informed of syn- 
chronous word detected information of the same receive 
burst signal received in succession through PI (Step 609). 
The base station Main CPU detects the fault and controls the 
communication quah'ty in the receiver depending upon the 
information (Step 610). 

As stated above, the processing can be carried out by 
effectively using the ON/OFF operation of the variable 
attenuator having a rapid transient response as shown in the 
flowchart of FIGS. 5A and 5B. It is thereby possible to 
converge the AGC with fewer symbols including an AGC 
control value determining time of Kx2 symbols -i-a traiKsient 
response time of a gain control device (of tens microsec- 
onds; 2 to 4 symbols) in the shortest time. 

Further, even in case of occurrence of the positive receive 
timing shift or the lower receive input level, it is possible to 
converge the AGC with fewer symbols including the above 
time period +J symbols +Kx2 symbols. That is, when an 
aperiodic burst signal having irregular transmitting power 
from the mobile station or a first burst signal of a periodic 
burst signal is received, it is possible to particularly con- 
verge an AGC for a period of several symbols from the head 
of the burst signal, and realize the AGC closed in one burst, 
in which a signal reception is enabled without losing ampli- 
tude information of the same burst signal in succession. 

FIG. 2 is a block diagram showing a second illustrative 
configuration of a receiver to realize the AGC system 
according to the embodiment 1. In the drawing, reference 
numeral 230 means a fixed-gain amplifier, and 250, 260 are 
switches with a rapid transient response time of several 
nanoseconds. 

In the configuration of the receiver shown in FIG. 2, a 
basic control is similarly made according to the flowchart 
shown in FIGS. SAand 5B. However, PI, P2, and P3 are set 
by the switch 250 and the switch 260 as follows: 

PI: the amplifier 230 is selected, and the AGC amplifier 

is set to a high gain; 
P2: the amplifier 230 is selected, and the AGC amplifier 

is set to a low gain; and 
P3: the attenuator 240 is selected, and the AGC amplifier 

is set to a low gain. 
The receiver shown in FIG. 2 can provide the same effects 
as those in the receiver shown in FIG. 1. 

Embodiment 2 

The embodiment 2 particularly relates to a receiver hav- 
ing two AGC circuit systems which can discretely be 
controlled. 
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FIG. 3 is a diagram showing a configuration of the setting 2 (hereinafter abbreviated as P4 in the description of 

receiver according to the embodiment 2. the embodiment 2). Here, the P2 is a setting in which the 

In FIG. 3, reference numeral 101 means an antenna in a variable attenuator 210 is set to ON and the AGC amplifier 

first system, 210 is a variable attenuator in the first system, 220 is set to a high gain. The P4 is a setting in which the 

220 is an AGC amplifier in the first system, 310 is a s variable attenuator 211 is set to ON and the AGC amplifier 

quadrature detector in the first system, 320 is an AID 221 is set to a low gain. 

converter in the first system, 330 is a D/A converter in the The digital signal processor 400 calculates a control error 

first system, and 340 is a control signal line to the variable of the AGC arhplifier in the P2 and P4 (Step 703). 

attenuator in the first system. Reference numeral 100 means Through the above operation, it is decided whether or not 

an antenna in a second system, 211 is a. variable attenuator 30 ^ jg^eive level of a receive burst signal faUs in the control 

in the second system, 221 is an AGC amplifier in the second error monitor range of the AGC amplifier in any one of P2, 

system, 311 is a quadrature detector in the second system, p3 ^nd P4 (Step 704) 

321 is an A/D converter in the second system, 331 is a D/A [^^^^ ^^^^^ ^^^^^ ^^^^ ^^^^^^ ^^^^^^ 

converter m the second system, and 341 is a control signal p2 p3 P4, the first system variable 

line to the vanable attenuator m the second system. 15 ^,,^^^^,^^210 md the second system variable attenuator 211 

FIGS. 6A, 6B and 7 are flowcharts showing an algorithm are set for a setting corresponding to the control error 

in the AGC system according to the embodiment 2. The monitor range in which the receive level falls. Further, a 

embodiment 2 relates to the AGC system in which the AGC control is made again by the first system AGC amplifier 220 

amplifiers in the first and second systems are differently set and the second system AGC amplifier 221 to converge the 

to any one of fixed low and high gaias, and two types of control error of the AGC amplifier previously derived in the 

receive level detection settings including an ON/OFF opera- setting (Step 711). 

tion of the variable attenuator are made for each system to p^^,,^ ^^^j ^^^^j ^. ^ ^ ^^^-^^ ^„ j^j^^. 

enable a total of four settings of the receive level. ^^^^^^^ ^^^^^^ ^^^j^^ l^^^j ^^^^^^ ^^^^^ 

Next, a description will now be given of the operation of ^ made in the first system and the receive level detection 

the receiver according to the embodiment 2 with reference setting made in the second system (Step 712). 

'° j^"f/'y' configuration of FIG. 3, and the flowcharts ^h^ interchange can prevent a malfunction even when any 

ol HGS. 6A, 6B and 7. g^j system and the second system faUs. 

The digitd signal processor 400 receives a receive start ^ ^„„t^„j ^^^^ ^ g, ^^^^ psP 400 

Ummgflag(Step 700). The receivestartlunmg flag isk^ 30 ^ ^^^^^ ^ ^urst signal to detect a synchronous 

in the radio base staUon, and is transmitted for each burst ^^^^ contained in a receive buist signal. The DSP 400 

signal with a receive timing shitt ot *0 symbol. .^^^^^ ^^^^ 

Station Main CPU of the synchronons word 
The digital signal processor 400 receives the receive start detected information showing whether or not the synchro- 
timing flag to set the variable attenuators 210, 211 and the nous word is detected (Step 713). The base station Main 
AGC amplifiers 220, 221 serving as a gain control device to 35 cPU detects the fault and controls the communication 
a first system low receive level detecting setting 1 and a quality in the receiver depending upon the synchronous 
second system high receive level detection setting 1 word detected information. For example, when no synchro- 
(hereinafter respectively abbreviated as PI and P3 in the nous word is detected, it is decided that the receiver fails, or 
description of the embodiment 2) through the control signal the communication quality deteriorates, 
lines 340, 341 and the D/A converters 330, 331 (Step 701). 40 ^^^^^ j^^^j ^j^^ ^^^^ ^^^^ ,^ 

That is, the receiver first system is set to PI, and the one of P2, P3, and P4, no processing is made for a period of 

receiver second system is set to P3. Here, the PI is a setting subsequent J symbols. No processing is made because of the 

in which the variable attenuator 210 is set to OFF and the same reason as that for which no processing is made in the 

AGC amplifier 220 is set to a high gain. The P3 is a setting embodiment 1. 

in which the variable attenuator 211 is set to OFF and the 45 ^^^^^^^^ expression: J-1 (5-4) permits 

AGC amphfier 221 is set to a low gam. consideration given to the possibiUty that the receive timing 

A signal outputlcd from the receiver 200 is inpnttcd into shift ranges to +5 symbols since four symbols (Kx2) are 

the quadrant detector 310, and a signal outputted from the required to derive the respective control errors in the P2 and 

receiver 201 is inputted into the quadrant detector 311. In the the P3. 

quadrant detectors 310, 311, each input signal is converted ^° j^^j. processing is made for the period of the J 

into a baseband signal including an I component and a Q symbols, PI is set in the first system and P3 is set in the 

component. The A/D converters 320, 321 make an M-fold second system again to receive a signal for a period of 

(for example, fourfold) oveisampling to output signals from subsequent K symbols. Then, a control error of the AGC 

the quadrant detectors 310, 311. amplifier is derived in the digital signal processor 400 (Step 

The digital signal processor 400 selects K symbols (for 705). Further, P2 is set in the first system and P4 is set in the 

example, two symbols) starting from the head of the burst second system to receive a signal for a period of subsequent 

signalxM samples on the basis of the receive start timing K symbols, thereby deriving a control error of the AGC 

flag. amplifier in the digital signal processor 400 (Step 706). 

The digital signal processor 400 derives a control error of 50 From Steps 705 and 706, one setting providing the 

the AGC amplifier in the setting PI by the first system, and minimum control error is selected from among the P2, P3, 

derives a control error of the AGC amplifier in the setting P3 and P4. If the minimum control error can not be found in any 

by the second system (Step 702). one of the settings, PI is selected (Step 707). 

For a period of subsequent K symbols, the first system is A setting for the variable attenuator in the selected setting 

set to a low receive level detection setting 2 (hereinafter 65 is made to the variable attenuator 210 in the first system and 

abbreviated as P2 in the description of the embodiment 2), the variable attenuator 211 in the second system, and a 

and the second system is set to a high receive level detection control is made again to the control error of the AGC 
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amplifier previously derived in the setting in the first system response. Even in such a case, it is possible to converge the 

AGC amplifier 220 and the second system AGC amplifier AGC with fewer symbols including an AGC control value 

221, thereby converging the receive level (Step 708). determining time of Kx2 symbols +a transient response time 

When the next burst signal is received, an interchange is of a gain control device (of tens microseconds; 2 to 4 
made between the receive level detection setting made in the 5 symbols) in the shortest time. Further, even in case of an 

first system and the receive level detection setting made in occurrence of a positive receive timing shift or a lower 

the second system (Step 709). The interchange between the receive input level, it is possible to converge the AGC within 

first system and the second system can prevent a malfunc- a time period including the above time period +J symbols 

tion even when any one of the systems fails. +K:x2 symbols. In particular, at a time of receiving a first 

As set forth above, in Steps 705, 706, and 707, the ^""'^^ ^.^Snal of an aperiodic burst signal having irregular 

operation is carried out a plurality of times to derive whether transmitting power from a mobile staUon or a periodic burst 

or not the receive level falls in the predetermined control ^ P°^^^^ ^ ^ P^^°^ °f 

error monitor range. As a result, even in case of shifted symbok from the head of the burst signal, and 

receive timing, it is possible to accurately derive the receive closed in one burst in which a signal 

level without erroneous recognition. reception is enabled without losing amphtude mformaUon of 

the same burst sioial in succession. 

The DSP 400 detects a synchronous word with respect to ^ . . . , 

a receive bui^t signal which is received after the additional * » ^^P" ^°^8 ""o*" Ulustrative configu- 

control in Step 614. The DSP 400 informs the base station f''*"" °^ *^ according to the embodiment 2. 

Main CPU of synchronous word detected information (Step In FIG. 4, reference numeral 231 means a fixed-gain 

710). The base station Main CPU 500 detects the fault and amplifier in a second system, 241 is an attenuator in the 

controls the communication quality in the receiver depend- second system with a fixed amount of attenuation, 251, 261 

ing upon the synchronous word detected information. switches in the second system, and 351 is a control signal 

The base station Main CPU 500 detects the fault and '° '"^ ^'^^"^^^ ««<:°nl/y*'J'°- 1° configura- 

controk the communication quality in the iBceiver according ^?°°\ "T^^^^^ f^o^ '|> ^p- t' * ^^"^ 

to the procedure discussed infra. similarly made according to the flowchart shown in FIGS. 

6 A and oB. 

Depending upon the synchronous word detection result n-, j t^.. i . 

obtained in Steps 713 and 710, the number of times the ^ However^ ttings PI P2 P3, and P4 are respecfavely set 

synchronous word is midetected is counted for each system ^ switcli250, the switch 251, a switch 260, and the switch 

(Step 714). As a result, it is decided whether or not the 30 ^ tollows: 

synchronous woni is successively undetected A times in the PI- ^ amplifier 230 is selected, and the AGC amplifier is 

optional system (Step 715). set to a high gain; 

Tlie base station Main CPU 500 decides that, when the P^: an attenuator 240 is selected, and the AGC amplifier 

synchronous word is successively undetected A times in the ^ ^ ^^^h gain; 

optional system, the receive system fails, and commands the ^5 P3: the amplifier 231 is selected, and the AGC amplifier 

digital signal processor 400 to receive a signal by another is set to a low gain; and 

normally running receive system. In this case, as illustra- P4: the attenuator 241 is selected, and the AGC amplifier 

lively described in the embodiment 1, the signal is received is set to a low gain. 

by only the single receive system (Step 716). The receiver shown in FIG. 4 can provide the same effects 

When the synchronous word is not successively undetec- ^° as those in the receiver shown in FIG. 3. 

ted A times in the optional system, the base station Main Embodiment 3 
CPU 500 waits the next synchronous word detection result 

report by the digital signal processor 400 (Step 717). A description will now be given of the embodiment 3 with 
Meanwhile. PI and P2, P2 and P3, and P3 and P4 are reference to the drawings. FIGS. 8A, SB and 9 are flow- 
respectively defined as adjacent receive level detection charts showmg an algorithm in an AGC system in aperiodic 
settings in which control error monitor ranges overlap each ^^^^^ ^^^^^^ according to the embodiment 3, which may be 
other by p Db (for example, 10 dB) on the positive side and realized by any one of cu-cuit configurations of HGS. 1 to 
q dB (for example, 20 dB) on the negative side with respect ^* 

to a desired receive input level of each setting, It is thereby A description will now be given of the operation, 

possible to absorb a variation in receive level with no First, a base station Main CPU initializes a synchronous 

correlation received through each of the first system antenna word detected/undetected counter and an interference wave 

100 and the second system antenna 101, and apply a setting receive counter (Step 800). A digital signal processor 400 

for the variable attenuator and a control value for the AGC receives a receive timing flag. Further, the digital signal 

amplifier selected and derived in one system to the other processor 400 starts to receive whDe applying to a currently 

system. received burst signal control values for a variable attenuator 

Further, even if a variable attenuator having the same an AGC amplifier derived depending upon a previously 

amount of attenuation and an AGC amplifier having the received burst signal (Step 801). 

same dynamic range are used, an increase in the number of Next, in the digital signal processor 400, it is decided 

receive level detection settings permits a greater extension whether or not a synchronous word is undetected (Step 802). 

of a dynamic range of the AGC than would be in an AGC If the synchronous word is detected, the base station main 

system realized by only an AGC circuit system in the first CPU is informed of synchronous word detected information 

system. (Step 803). 

As stated above, the two AGC circuit systems as shown Further, a calculation is made to find a moving average of 
in the flowcharts of FIGS. 6A, 6B and 7 can be used to 65 control errors with respect to the current receive burst signal 

perform the processing effectively using the ON/OFF opera- and receive burst signals in an assigned slot in a current 

tion of the variable attenuator having a rapid transient frame to a frame N times before. 
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Ihe calculated moving average is stored as a control value 
of a gain control device with respect to a receive burst signal 
in the same slot in the next frame (Step 804), thereafter 
waiting a receive start timing flag. Id this case, the control 
value to be set at one time does not exceed an upper limit and S 
a lower limit of a control error monitor range which serve as 
thresholds. 

The control error calculated for each reception of the burst 
signal may be any one of a control error derived depending 
upon a synchronous word portion in the burst signal, and a 
control error derived from a portion other than the synchro- 
nous word. 

Further, in the two control errors, with consideration 
given to positive and negative receive timing shifts, the 
number of symbols corresponding to the timing shift may be 
removed from the derivation of the control error. This can 
prevent a malfunction even when the receive timing shift is 
generated. 

When the synchronous word is undetected, the DSP 400 
informs the base station Main CPU 500 of information 
showing that the synchronous word is undetected (Step 
805). Subsequently, it is decided whether or not the control 
error derived from the portion other than the synchronous 
word is equal to or more than a predeteimined value of, for 
example, -Z dB (Step 806). 

If the control error derived from the portion other than the 
synchronous word is less than -Z dB, it is decided that the 
control error is insignificant because of BOX processing 
made in a mobile station. Then, a control value for a gain 30 
control device used for the burst signal in the same slot in the 
next frame is held at the control value used for the receive 
burst signal in the same slot in the current frame (Step 807). 

The "BOX processing^* as used herein means processing 
made for a reduction in transmitting power while no voice 35 
is inputted at the mobile station. 

The above control can prevent a malfunction since the 
gain control device is not set depending upon a receive level 
at a time of low transmitting power of the mobile station as 
in the case of the BOX processing. ^° 

When the control error derived from the portion other 
than the synchronous word is equal to-Z dB or more, it is 
decided that an interference wave is received. The base 
station Main CPU 500 is informed of interference wave 
received information (Step 808). 

Further, a control value of a gain control device used for 
the same slot in the next frame is held at the control value 
used for the receive burst signal in the same slot in the 
current frame (Step 809). The above control can prevent a 
malfunction since the gain control device is not set depend- 
ing upon a receive level at a time of low transmitting power 
of the mobile station as in the case of reception of the 
interference wave. 

The base station Main CPU 500 makes an increment 55 
(update) decision of the interference wave receive counter 
(Step 810), thereafter waiting the next interference receive 
report when not incremented (Step 811). 

On the other hand, when the interference wave receive 
counter is incremented, an interference wave receive rate is 60 
derived by an expression: the number of times the interfer- 
ence wave is received/the number of times a burst is 
measured (the number of times the synchronous word is 
detected +the number of times undetected) (Step 812), 
thereby deciding whether or not the interference wave 65 
receive rate exceeds an optional percentage X (Step 813). 
When not exceeding the percentage X, the base station Main 
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CPU waits the next interference wave receive report (Step 
814). When exceeding the percentage X, the base station 
Main CPU uses the interference wave receive rate together 
with the communication quality measurement result to make 
a decision of a request to perform hand off in a cell 
controlled by a host base station controller (Step 815). 

As set forth above, the gain control method according to 
the present invention is used for the receiver including the 
attenuating means for attenuating the input signal depending 
upon each of the first set value and the second set value, the 
amplifying means for amplifying the input signal depending 
upon the control signal, and the control means for generating 
the first set value, the second set value, and the control 
signal. The gain control method includes the decision step of 
deciding whether the receive level of the input signal falls in 
the first control error range corresponding to the first set 
value or the second control error range corresponding to the 
second set value, and the gain control step of controlling the 
gain by attenuating the input signal in the attenuating means 
depending upon the first set value vfhcn it is decided in the 
decision step that the receive level falls in the first control 
error range and depending upon the second set value when 
it is decided that the receive level falls in the second control 
error range, and amplifying the input signal in the amplify- 
ing means. It is decided whether or not the receive level falls 
in the control error by using the set value for the attenuating 
means, resulting in an effect in that the gain can be con- 
verged in the early stages. 

In particular, when the receive level of the input signal 
falls, in neither the first control error range nor the second 
control enor range in the decision step, the decision is made 
again after the elapse of the predetermined time period. It is 
thereby possible to prevent the malfunction since, in 
particular, the operation is made to compensate for the 
receive timing shift when the receive timing is shifted. 

Further, the gain control method according to the present 
invention is used for the receiver including the attenuating 
means for attenuating the input signal depending upon each 
of the first set value and the second set value, the amplifying 
means for amplifying the input signal by at least the low gain 
or the high gain depending upon the control signal, and the 
control means for generating the first set value, the second 
set value, and the control signal. The gain control method 
includes the decision step of deciding whether the receive 
level of the input signal falls in the first conu-ol error range 
corresponding to the first set value or the second control 
error range corresponding to the second set value, and the 
gain control step of controlling the gain by controlling the 
gain for the input signal depending upon the first set value 
when it is decided in the decision step that the receive level 
of the input signal falls in the first control error range and 
depending upon the second set value when it is decided that 
the receive level falls in the second control error range, and 
controlling the amplifying means to the high gain when the 
receive level of the input signal falls in neither the first 
control error range nor the second control error range. It is 
thereby possible to converge the gain in the early stages. 

In particular, the first set value for the attenuating means 
serves as the set value to turn ON the attenuating means, and 
the second set value serves as the set value to turn OFF the 
attenuating means, thereby facilitating the control. 

Further, the gain control method according to the present 
invention is used for the receiver including the first attenu- 
ating means for attenuating the input signal depending upon 
each of the first set value and the second set value, the 
second attenuating means for attenuating the input signal 
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depending upon each of the third set value and the fourth set 
vahie, the first amplifying means for amplifying the output 
signal from the first attenuating means depending upon the 
first control signal, the second amplifying means for ampli- 
fying the output signal fi-om the second attenuating means 
depending upon the second control signal with higher gain 
than that of the first amplifying means, and the control 
means for generating the first, second, third, and fourth set 
values, and the first and second control signals. The gain 
control method includes the decision step of deciding in 
which of the first control error range corresponding to the 
first set value," the second control error range corresponding 
to the second set value, the third control error range corre- 
sponding to the third set value, and the fourth control error 
range conesponding to the fourth set value the receive level 
of the input signal falls, and the gain control step of 
controlling the gain by attenuating and amplifying the input 
signal depending upon the set value and the amplifying 
means corresponding to the control error range in which the 
receive level of the input signal falls. It is thereby possible 
to converge the gain in the early stages, and extend the gain 
control range (dynamic range). 

In particular, when the receive level of the input signal 
does not fall in any one of the first control error range, the 
second control error range, the third control error range, and 
the fourth control error range in the decision step, the 
decision is made again after the elapse of the predetermined 
time period. It is thereby possible to prevent the malfunction 
since, in particular, the operation is made to compensate for 
the receive timing shift when the receive timing is shifted. 

After the gain control step, the second control signal is 
added to the first amplifying means, and the first control 
signal is added to the second amplifying means, thereby 
performing the decision step and the gain control step. As a 
result, the malfunction can be prevented. The respective 
control error ranges are set to overlap each other by the 
predetermined range so that the variation in receive level 
with no correlation can be absorbed. The method further 
includes the evaluation step of evaluating the communica- 
tion state depending upon the received synchronous word 
after the gain control in the gain control step. It is thereby 
possible to detect the fault and control the communication 
quality m the receiver. The method further includes the 
evaluation step of evaluating the communication state 
depending upon the received synchronous word after the 
gain control in the gain control step, and the reception 
limitation step of, when an abnormality of the communica- 
tion state is detected in the evaluation step, limiting the 
reception by the attenuating means and the amplifying 
means on the side on which the abnormality is detected. It 
is thereby possible to prevent the malfunction when the 
failure occurs in any one of the receive systems. Further, the 
receiver according to the present invention includes the 
attenuating means for attenuating the input signal depending 
upon each of the first set value and the second set value, the 
amphfying means for amplifying the input signal depending 
upon the control signal, and the control means for generating 
the first set value, the second set value, and the control 
signal. The control means includes the deciding means for 
deciding whether the receive level of the input signal falls in 
the first control error range corresponding to the first set 
value or the second control error range corresponding to the 
second set value, and the gain control means for controlling 
the gain by attenuating the input signal in the attenuating 
means depending upon the first set value when it is decided 
in the deciding means that the receive level falls in the first 
control error range and depending upon the second set value 
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when it is decided that the receive level falls in the second 
control error range, and amplifying the input signal in the 
amplifying means. It is thereby possible to converge the gain 
in file early stages. 

5 Further, the receiver according to the present invention 
includes the attenuating means for attenuating the input 
signal depending upon the set value, the amplifying means 
for amphfying the input signal depending upon the control 
signal, and the control means for generating the set value, 

10 and the control signal. The control means generates the set 
value and the control signal depending upon the average of 
the values of the plurality of past control errors. It is thereby 
possible to accurately generate the set value and the control 
signal. 

15 In particular, when the synchronous word contained in the 
input signal is undetected, and the control error derived from 
the portion other than the synchronous word is equal to or 
less than the predetermined value, the control means decides 
that this is caused by the silence processing on the trans- 

20 milling side, and the control error is excluded from the 
plurality of past control errors used to find the average. It is 
thereby possible to prevent the malfunction in case of the 
silence processing on the transmitting side. 

Further, when the synchronous word contained in the 

25 input signal is undetected, and the control error derived from 
the portion other than the synchronous word is equal to or 
more than the predetermined value, the control means 
decides that this is caused by the interference wave to the 
input signal, and the control error is excluded from the 

30 plurality of past control errors used to find the average. It is 
thereby possible to prevent the malfunction due to the 
interference wave. 

INDUSTRIAL APPLICABILITY 

35 As set forth above, a gain control method and a receiver 
according to the present invention are suitable for the use in 
a radio base station communicating with, for example, a 
plurality of mobile stations. 
What is claimed is: 

^0 1. A gain control method used for controlling the gain of 
a receiver including an attenuator for attenuating an input 
signal depending upon each of a first set value and a second 
set value, an amplifier for amplifying said input signal 
depending upon a control signal, and a controller for gen- 

45 erating the first set value, the second set value, and the 
control signal, said gain control method comprising the steps 
of: 

separately attenuating said input signal using said first set 
value to obtain a first attenuated input signal, and using 

50 said second set value to obtain a second attenuated 
input signal, and determining a control error of each of 
said first and second attenuated input signals; 
deciding whether a receive level of said input signal falls 
in a first control error range corresponding to the first 

55 set value or a second control error range corresponding 
to the second set value by comparing the control error 
of the first attenuated input signal with said first control 
error range, and comparing the control error of the 
second attenuated input signal with said second control 

60 error range; and 

thereafter controlling the gain by attenuating an input 
signal in the attenuator using the first set value when it 
is decided in the decision step that the receive level falls 
in the first control error range and using the second set 

65 value when it is decided that the receive level falls in 
the second control error range, and amplifying an input 
signal in the amplifier. 
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2. A gain control method according to claim 1, wherein, 
when the receive level of the input signal falls in neither the 
first control error range nor the secoad control error range in 
the decision step, the decision step is performed again after 
the elapse of a predetermined time period. 5 

3. A gain control method used for controlling the gain of 
a receiver including an attenuator for attenuating an input 
signal depending upon each of a first set value and a second 
set value, an amplifier for amplifying said input signal by at 
least a low gain or a high gain depending upon a control 
signal, and a controller for generating the first set value, the 
second set value, and the control signal, the gain control 
method comprising the steps of: 

with said amplifier set to a low gain, separately attenuat- 
ing said input signal using said first set value to obtain 
a first attenuated input signal, and using said second set 
value to obtain a second attenuated input signal, and 
determining a control error of each of said first and 
second attenuated input signals; 

deciding whether a receive level of said input signal falls 20 
in a first control error range corresponding to the first 
set value or a second control error range corresponding 
to the second set value by comparing the control error 
of the first attenuated input signal with said first control 
error range, and comparing the control error of the 
second attenuated input signal with said second control 
error range; and 

thereafter controlling the gain of said receiver by attenu- 
ating an input signal in the attenuator using the first set 
value when it is decided in the decision step that the 30 
receive level of the input signal falls in the first control 
error range and using the second set value when it is 
decided that the receive level falls in the second control 
error range, and setting the amplifier to a high gain 
when the receive level of the input signal falls in neither 
the first control error range nor the second control error 
range. 

4. Again control method according to claim 1 wherein the 
first set value for the attenuator means serves as a set value 
to turn ON the attenuator means, and the second set value 
serves as a set value to turn OFF the attenuator means. 

5. A gain control method according to claim 1, wherein 
the attenuator means includes amplifying means selected 
corresponding to the first set value, and attenuator means 
selected corresponding to the second set value. 

6. A gain control method used for controlling the gain of 
a receiver including a first attenuator for attenuating an input 
signal depending upon each of a first set value and a second 
set value, a second attenuator for attenuating an input signal 
depending upon each of a third set value and a fourth set 
value, a first amplifier for amplifying an output signal from 
the first attenuator depending upon a first control signal, a 
second amplifier for amplifying an output signal from the 
second attenuator depending upon a second control signal 
with a higher gain than that of the first amplifier, and a 
controller for generating the first, second, third, and fourth 
set values, and the first and second control signals, the gain 
control method comprising the step of: 

deciding in which of a first control error range corre- 
sponding to the first set value, a second control error 
range corresponding to the second set value, a third 
control error range corresponding to the third set value, 
and a fourth control error range corresponding to the 
fourth set value a receive level of an input signal falls; 
and 

controlling the gain of said receiver by attenuating and 
amplifying an input signal depending upon the set 
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value and the amplifier corresponding to the control 
error range in which the receive level of the input signal 
faUs. 

7. A gain control method according to claim 6, wherein, 
when the receive level of the input signal does not fall in any 
one of the first control error range, the second control error 
range, the third control error range, and the fourth control 
error range in the decision step, the decision is made again 
after the elapse of a predetermined time period. 

8. A gain control method according to claim 6, wherein, 
after the gain control step, the second control signal is added 
to the first amplifier means, and the first control signal being 
added to the second amplifier, thereby performing the deci- 
sion step and the gain control step. 

9. A gain control method according to claim 1, wherein 
the respective control error ranges are set to overlap each 
other by a predetermined range. 

10. A gain control method according to claim 1, further 
comprising the evaluation step of evaluating a communica- 
tion state depending upon a received synchronous word after 
a gain control in the gain control step. 

11. A gain control method according to claim 6, further 
comprising the steps of: 

evaluating a communication state depending upon a 
received synchronous word represented by said input 
signal after a gain control in the gain control step; and 

when an abnormality of a communication slate is detected 
in the evaluation step, limiting reception by the attenu- 
ator and the amplifier being used, in which the abnor- 
mality is detected. 

12. A receiver comprising: 

an attenuator for separately attenuating an input signal 
using each of a first set value and a second set value, to 
obtain a first attenuated input signal and a second 
attenuated input signal; 

an amplifier for amplifying said input signal depending 
upon a control signal; and 

a controller for generating the first set value, the second 
set value, and the control signal, wherein the controller 
includes deciding means for deciding whether a receive 
level of an input signal falls in a first control error range 
corresponding to the first set value or a second control 
error range corresponding to the second set value, by 
obtaining a control error of each of said first and second 
attenuated input signals and comparing the control 
errors with said first and second control error range, 
respectively, and gain control means for controlling the 
gain by attenuating an input signal in the attenuator 
using the first set value when it is decided in the 
deciding means that the receive level falls in the first 
control error range and using the second set value when 
it is decided that the receive level falls in the second 
control error range, and amplifying an input signal in 
the amplifier. 

13. A receiver according to claim 12, wherein the con- 
troller generates the set value and the control signal depend- 
ing upon an average of values of a plurality of past control 
errors. 

14. A receiver according to claim 13, wherein, when a 
synchronous word contained in an input signal is 
undetected, and a control error derived from a portion other 
than a synchronous word is equal to or less than a prede- 
termined value, the controller decides that this is caused by 
silence processing on the transmitting side, and the control 
error being excluded from a plurality of past control errors 
used to find the average. 
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15. A receiver according to claim 13, wherein, when a 
synchronous word contained in an input signal is 
undetected, and a control error derived from a portion other 
than a synchronous word is equal to or more than a prede- 
termined value, the controller decides that this is caused by 
an interference wave to the input signal, and the control error 
being excluded from a plurality of past control errors used 
to find the average. 

16. A gain control method according to claim 3, wherein 
the first set value for the attenuator serves as a set value to 
turn ON the attenuator, and the second set value serves as a 
set value to turn OFF the attenuator. 

17. A gain control method according to claim 3, wherein 
the attenuator includes amplifying means selected corre- 
sponding to the first set value, and attenuator selected 
corresponding to the second set value. 
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18. A gain control method according to claim 3, wherein 
the respective control error ranges are set to overlap each 
other by a predetermined range. 

19. Again control method according to claim 6, wherein 
S the respective control error ranges are set to overlap each 

other by a predetermined range. 

20. A gain control method according to claim 3, further 
comprising the evaluation step of evaluating a communica- 
tion state depending upon a received synchronous word after 

10 a gain control in the gain control step. 

21. A gain control method according to claim 6, further 
comprising the evaluation step of evaluating a communica- 
tion state depending upon a received synchronous word after 
a gain control in the gain control step. 

15 

« 3K DC Ht >K 



05/24/2004, EAST Version: 1.4.1 



UNITED STATES PATENT AND TRADEMARK OFHCE 
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PATENT NO. : 6,167,244 Page 1 of 1 
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INVENTOR(S) : Naohito Tomoe 



It is certified that error appears In the above- identified patent and that said Letters Patent is 
hereby corrected as shown below: 



Column 14, 

Line 30, after "falls" delete the period 
Column 17. 

Lines 39, 40, 41, 43 and 44 delete "means". 
Column 18, 

Line 12, delete "means". 



Signed and Sealed this 



Twenty -seventh Day of May, 2003 




Director of the United States Patent and Trademark Office 
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